Introduction
============

Glioma is the most common primary malignant brain tumor in 2016 worldwide ([@b1-ol-0-0-11818]), which can be classified into grades I--IV according to the World Health Organization (WHO) 2016 classification system ([@b2-ol-0-0-11818]). Glioblastoma multiforme (GBM) is also known as high-grade glioma (HGG), which is the most aggressive form of glioma, whereas the others are considered low-grade gliomas (LGG) ([@b3-ol-0-0-11818]). Although, significant efforts have been made to find effective treatment approaches for glioma, the 5 year survival rate of GBM remains poor (\~5%) ([@b1-ol-0-0-11818]). Studies investigating molecular biomarkers have demonstrated progress and provided optimism for the future, compared with the limited success of conventional therapies ([@b4-ol-0-0-11818]). Thus, there is an urgent need for the development of novel and effective biomarkers for molecular subtyping, predicting prognosis and the design of personalized treatments for patients with glioma.

F-box proteins are the substrate recognizing subunits of Skp1-Cullin 1-F-box ubiquitin ligase complex, which recognizes specific targets and promotes their ubiquitination ([@b5-ol-0-0-11818],[@b6-ol-0-0-11818]). S phase kinase-associated protein 2 (SKP2) is a typical F-box protein that serves a crucial role in multiple cellular processes including proliferation, invasion and metastasis ([@b7-ol-0-0-11818]). It functions as a promoter of cell cycle progression via the ubiquitination and subsequent degradation of cell cycle inhibitors, including p21, p27, p57 and cyclin E ([@b8-ol-0-0-11818]). As the majority of SKP2 substrates are tumor suppressors, it is widely considered to be an oncoprotein ([@b9-ol-0-0-11818]). Previous studies have indicated that SKP2 is upregulated in a variety of human malignancies, including breast cancer and gastric cancer, and is associated with carcinogenesis and tumor progression ([@b10-ol-0-0-11818],[@b11-ol-0-0-11818]). Emerging evidence indicates that SKP2 is also involved in chemoresistance and may be a novel therapeutic target. For example, the inhibition of SKP2 sensitizes lung cancer cells to paclitaxel or rapamycin ([@b12-ol-0-0-11818],[@b13-ol-0-0-11818]). In gliomas, several *in vitro* experiments have demonstrated that suppressing the expression of SKP2 significantly blocks cell cycle progression, induces cell apoptosis and inhibits cell invasion ([@b14-ol-0-0-11818],[@b15-ol-0-0-11818]). However, the clinical implications of SKP2 in gliomas remain unclear, despite SKP2 detection being reported in certain operative specimens ([@b16-ol-0-0-11818],[@b17-ol-0-0-11818]).

Isocitrate dehydrogenase 1 (IDH1) and telomerase reverse transcriptase promoter (TERTp) mutation have been used in the clinic for glioma ([@b18-ol-0-0-11818]). IDH1 mutation was an early event in glioma development, which was observed in almost 80% of grade II--III gliomas and secondary GBM ([@b19-ol-0-0-11818]). TERTp mutation is inversely correlated with IDH1 mutation in glioblastoma, and is therefore predictive of poor prognosis ([@b20-ol-0-0-11818]). Phosphorylated retinoblastoma protein (p-Rb) is also known as the cell cycle regulating protein ([@b21-ol-0-0-11818]). Rb protein binds and inhibits the transcription factor for the E2F family, which causes cell cycle arrest at G~1~ ([@b22-ol-0-0-11818]). When Rb is phosphorylated, it dissociates from E2F and allows progression to the S phase ([@b22-ol-0-0-11818]). Epidermal growth factor receptor (EGFR) is a member of the transmembrane tyrosine kinases and it overexpressed in 60% of glioblastoma ([@b23-ol-0-0-11818]). Furthermore, inhibiting the expression of p-Rb and EGFR can result in tumor cell arrest in the G~1~ phase and dysregulate the expression of SKP2 ([@b24-ol-0-0-11818],[@b25-ol-0-0-11818]).

The aim of the present study was to investigate the expression and prognostic value of SKP2 in samples from 395 patients with glioma. The results of the present study demonstrated that SKP2 is mainly expressed in glioblastomas (GBMs) and high expression of SKP2 indicates poor survival. The findings of the present study demonstrate that SKP2 is a novel prognostic biomarker in GBMs.

Materials and methods
=====================

### Patients and collection of clinical samples

A total of 395 specimens were obtained from patients with glioma who were enrolled in the present study. Of these, 36 were astrocytomas, 21 oligodendrogliomas, 40 anaplastic astrocytomas, 24 anaplastic oligodendrogliomas, 269 GBMs and 5 were other types. There were 234 male and 161 female patients. The mean age was 48 years, ranging from 5--79 years. All patients underwent tumor resection between September 2011 and January 2018 in the Department of Neurosurgery at the National Cancer Center (NCC)/Cancer Hospital of Chinese Academy of Medical Sciences (Beijing, China). None of the patients had a history of other tumors and the neurosurgical treatment was performed to treat glioma alone. All the samples used were residual specimens collected for diagnosis. A total of 20 non-neoplastic tissues were acquired using two methods: Normal brain tissues around tumor and edema tissues surrounding the high-grade gliomas. None of the patients received neoadjuvant treatment prior to surgery and they all signed separate informed consent forms for the sample collection and molecular analyses. Data were recorded for the clinical/pathological parameters of tumors; including age, sex of patients and the WHO grade of tumors. Follow-up was performed every 3 months and 25 patients dropped out prior to the last follow-up call. The present study was approved by the Ethics Committee of the NCC (approval no. NCC2014G-12; Beijing, China).

### Tissue microarray and immunohistochemistry

Tumor samples were fixed in 10% formalin for 24 h at room temperature following resection, and embedded in paraffin. Tissue microarrays were prepared as previously described ([@b26-ol-0-0-11818]). A total of three tissue cores were selected from every primary paraffin-embedded samples (n=359). The microarrays were cut into 4 µm-thick sections. As it is difficult to acquire normal brain tissues, normal tissues (n=20) from patients with glioma were used as controls in the current study. The sections were baked at 72°C for 1 h, then deparaffinized with xylene and rehydrated in gradient ethanol including 100, 85 and 75% for 15 min. Citrate buffer (ZSGB-BIO, Ltd.) was diluted to pH 6.0 and heated to boil for antigen retrieval. Subsequently, specimens were kept in 95--98°C citrate buffer by microwaving for 20 min. Then, endogenous peroxidase activity was blocked with 3% hydrogen peroxide at room temperature for 10 min. The primary SKP2 antibody (1:100; cat. no. 2652S; CST Biological Reagents Co., Ltd.), anti-isocitrate dehydrogenase 1 (IDH1^R132H^) antibody (working solution; cat. no. ZM0447; OriGene Technologies, Inc.), phosphorylated retinoblastoma protein (p-Rb) antibody (1:100; cat. no. 8516T, CST Biological Reagents Co., Ltd.), epidermal growth factor receptor (EGFR) antibody (working solution; cat. no. ZA-0505; OriGene Technologies, Inc.) were added and the sections were incubated at 4°C overnight. Following, 4 washes with PBS, the PV-9000 kit (working solution; cat. no. PV-9000; OriGene Technologies, Inc.) was used for color development according to the manufacturer\'s protocols. Next, DAB and hematoxylin were used for counterstaining at room temperature for 3 min and 8 sec, respectively. Finally, the slides were dehydrated and mounted with coverslips. Slides were scanned using a NanoZoomer (Japan SLC, Inc.) high-resolution scanner with maximum magnification, ×400. NDP analysis software (Visiopharm) was used to identify immunostaining and calculate the proportion of positive cells. The cutoff values were 10% for IDH1^R132H^ and p-Rb. The immune scores of EGFR protein expression were evaluated as described previously ([@b27-ol-0-0-11818]).

### DNA extraction and sanger sequencing

Genomic DNA was extracted from consecutive formalin fixation and paraffin embedding glioma sections of 10 µm using the QIAmp DNA mini kit (Qiagen GmbH). The telomerase reverse transcriptase (TERT) promoter region was amplified with the forward primer, 5′-TTCCAGCTCCGCCTCCT-3′ and the reverse primer, 5′-GCGCTGCCTGAAACTCG-3′. PCR was performed with an initial denaturing step at 95°C for 5 min; then 30 cycles of 96°C for 15 sec, 60°C for 30 sec and 72°C for 30 sec; followed by a final extension at 72°C for 10 min. The PCR products were sequenced by Beijing Tianyi Huiyuan Bioscience and Technology Inc.

### Statistical analysis

Significant differences between two groups were determined by the Mann-Whitney U test. X-tile software v3.6.1 (Rimm Lab, Yale School of Medicine) was used to ascertain the optimal cut-off points for survival analysis. Data were represented as percentages. There were no biological replicates. The χ^2^ test was used to assess the associations between SKP2 expression and clinicopathological parameters. Overall survival (OS) curves were plotted according to the Kaplan-Meier method, with the log-rank test applied for comparison. Multiple Cox regression analysis was used to predict independent prognostic factors. All statistical analyses were performed using both SPSS Statistics v21.0 (IBM Corp.) and GraphPad Prism v5.0 (GraphPad Software, Inc.). P\<0.05 was considered to indicate a statistically significant difference. All the tests performed were two-sided.

Results
=======

### Association between SKP2 expression and clinicopathological parameters in glioma

SKP2 expression was investigated using immunohistochemistry in a total of 395 glioma tissues. These specimens included grade II (60), III (66) and IV (269) tumors ([Table I](#tI-ol-0-0-11818){ref-type="table"}). A total of 20 paired non-neoplastic brain tissues were used as the control. Positive immunostaining of SKP2 was observed in the nuclei of glioma cells, whereas no SKP2 signal was presented in non-neoplastic tissues ([Fig. 1](#f1-ol-0-0-11818){ref-type="fig"}). Glioma tissues with different degrees of immunostaining for SKP2, including negative, low, moderate and high expression ([Fig. 1](#f1-ol-0-0-11818){ref-type="fig"}). SKP2 expression was detected in 18.0% (71/395) of all glioma tumors, with 0.0% (0/60) in grade II gliomas, 9.1% (6/66) in grade III gliomas and 24.2% (65/269) in glioblastomas ([Fig. 2](#f2-ol-0-0-11818){ref-type="fig"}). SKP2 expression was significantly associated with tumor grade and histology (P\<0.001; [Table I](#tI-ol-0-0-11818){ref-type="table"}). High SKP2 expression levels were more frequently observed in GBM tissues ([Table I](#tI-ol-0-0-11818){ref-type="table"}). However, SKP2 expression was not associated with sex, age and Karnofsky Performance Status (KPS) ([Table I](#tI-ol-0-0-11818){ref-type="table"}).

### SKP-2 expression is associated with p-Rb and EGFR expression, but not with the TERT promoter mutation

Expression of p-Rb, EGFR and a mutation in the TERT promoter were found in patients with glioma. Positive immunostaining of p-Rb and EGFR was in the nuclei and cytoplasm, respectively ([Fig. 3A and C](#f3-ol-0-0-11818){ref-type="fig"}). The TERT promoter mutation was observed in 50.5% of patients with glioma. The exact mutation is presented in [Fig. S1](#SD1-ol-0-0-11818){ref-type="supplementary-material"}. Linear correlation analysis showed that SKP2 expression was significantly correlated with p-Rb expression (P\<0.001 in all gliomas; [Fig. 3B](#f3-ol-0-0-11818){ref-type="fig"}). Mann-Whitney U test revealed that SKP2 expression was strongly associated with EGFR expression (P\<0.001 in total group; P=0.006 in HGG and P=0.005 in LGG; [Fig. 3D](#f3-ol-0-0-11818){ref-type="fig"}). No correlation was observed between SKP2 expression and the TERT promoter mutation (P\>0.05, data not shown).

### SKP2 expression is associated with a poor prognosis in patients with glioma

Using X-tile software, the optimum cut-off value for SKP2 expression was defined as 10%. Subsequently, univariate analysis was performed to examine the prognostic significance in LGG and HGG. It revealed that elevated SKP2 expression was associated with a poor prognosis in patients with glioma compared with low expression \[hazard ratio (HR), 4.2; LGG median survival times, 67.0 months vs. 11.9 months; P\<0.001; [Fig. 4A](#f4-ol-0-0-11818){ref-type="fig"}\], (HR, 1.7; HGG median survival times, 16.5 months vs. 10.4 months; P=0.003; [Fig. 4B](#f4-ol-0-0-11818){ref-type="fig"}). In HGG, patients with radiotherapy (median survival times, 22.3 months vs. 19.6 months; P\<0.001; [Fig. 4C](#f4-ol-0-0-11818){ref-type="fig"}) or chemotherapy (median survival times, 19.3 months vs. 12.8 months; P\<0.001; [Fig. 4D](#f4-ol-0-0-11818){ref-type="fig"}) showed longer survival times. The associations between SKP2 expression and sensitivity to adjuvant treatments were also investigated. The results demonstrated that in HGG patients who received radiotherapy or chemotherapy, patients with a low SKP2 expression had a longer survival time (radiotherapy median OS time, 21.0 months vs. 9.0 months; P=0.012; [Fig. 4E](#f4-ol-0-0-11818){ref-type="fig"}; chemotherapy median OS time, 18.5 months vs. 7.0 months; P=0.012; [Fig. 4F](#f4-ol-0-0-11818){ref-type="fig"}).

### Prognostic value of SKP2 in patients with glioma

To further validate the prognostic value of SKP2, a multiple Cox proportional hazards regression analysis was performed using clinical and genetic variables, including sex, age, KPS, adjuvant treatments, TERT promoter mutation, IDH1 mutation and SKP2 expression in HGG ([Table II](#tII-ol-0-0-11818){ref-type="table"}). Both univariate and multivariate analyses revealed that KPS, adjuvant treatments, IDH1 mutation and SKP2 expression, but not sex, age and TERT promoter mutation were associated with the OS time of the patients ([Table II](#tII-ol-0-0-11818){ref-type="table"}).

### Using SKP2, IDH1 mutation and TERT promoter mutation data classifies patients with glioma into 3 subgroups

A previous study reported the clinical relevance of IDH1 mutation in gliomas ([@b28-ol-0-0-11818]). In the present study, it was observed that patients with IDH1 mutation showed favorable prognosis (P=0.048; [Fig. S2A](#SD1-ol-0-0-11818){ref-type="supplementary-material"}). Furthermore, the TERT promoter mutation is associated with the OS of patients with GBM (P=0.004; [Fig. S2B](#SD1-ol-0-0-11818){ref-type="supplementary-material"}). When SKP2, IDH1 mutation and TERT promoter (p) mutation factors are combined, patients having 3 protective factors (SKP2^−^/IDH1^+^/TERTp^−^) had the longest OS time in all enrolled gliomas compared with the patients having 2 protective factors (SKP2^−^/IDH^+^/TERTp^+^; SKP2^+^/IDH^+^/TERTp^−^; SKP2^−^/IDH^−^/TERTp^−^) (median OS time, 20.1 months; P=0.010; [Fig. 5A](#f5-ol-0-0-11818){ref-type="fig"}). Patients with \<=1 protective factor (SKP2^−^/IDH^−^/TERTp^+^; SKP2^+^/IDH^+^/TERTp^+^; SKP2^+^/IDH^−^/TERTp^−^; or SKP2^+^/IDH^−^/TERTp^+^) had the least favorable prognosis (median OS time, 12.2 months; P\<0.001; [Fig. 5A](#f5-ol-0-0-11818){ref-type="fig"}). Furthermore, patients with GBM demonstrated similar results with median OS times not attained, 18.5 and 12.2 months (those with 3, 2 or \<=1 protective factors, respectively; P\<0.001; [Fig. 5B](#f5-ol-0-0-11818){ref-type="fig"}).

Discussion
==========

SKP2 plays an essential role in cellular biological processes *in vitro* ([@b7-ol-0-0-11818]). The present study, demonstrated that SKP2 protein is upregulated in glioma tissues and its expression is strongly associated with tumor grade and poor prognosis. In addition, SKP2 expression was associated with p-Rb and EGFR expression, which suggests that SKP2 may be involved in promoting growth and proliferation in GBM cells. Patients with GBMs were stratified into 3 groups using a combination of SKP2 expression, TERT promoter and IDH1 status, with the longest survival time observed in the patients who were SKP2^−^/IDH1^+^/TERTp^−^.

Cell cycle-associated proteins have become increasingly important in the understanding of the pathogenesis and prognosis of gliomas ([@b29-ol-0-0-11818]). SKP2 serves an oncogenic role in cancer cells, primarily through regulating the cell cycle ([@b9-ol-0-0-11818]). It promotes the transition of the cell cycle from G~1~ to S phase and subsequently enhances cell proliferation and tumor growth ([@b30-ol-0-0-11818],[@b31-ol-0-0-11818]). An *in vitro* study reported that SKP2 protein is selectively expressed in a subset of proliferating human breast cancer cells ([@b32-ol-0-0-11818]). Lu *et al* ([@b33-ol-0-0-11818]) demonstrated that SKP2 expression is associated with the histological grade and tumor size in human hepatocellular carcinoma. Furthermore, Elsherif *et al* ([@b34-ol-0-0-11818]) also demonstrated that SKP2 proteins serve as a predictor of grade and stage in non-muscle invasive urothelial bladder carcinoma. Similar to the previous studies on other tumor types, the present study observed that SKP2 was upregulated in gliomas and was an independent prognostic factor in GBM. This coincides with the high proliferation activity profile of glioma cells, particularly in GBM ([@b35-ol-0-0-11818]).

Certain chemical agents including curcumin, paeoniflorin, physcion 8-O-β-glucopyranoside, escitalopram oxalate and butylidenephthalide have also been revealed to regulate the cell cycle in glioma cells through modulating SKP2 expression ([@b14-ol-0-0-11818],[@b15-ol-0-0-11818],[@b36-ol-0-0-11818]--[@b38-ol-0-0-11818]). Therefore, these agents may have potential for clinical use in the treatment of gliomas with high SKP2 expression. Davidovich *et al* ([@b39-ol-0-0-11818]) reported that patients with breast cancer that had high SKP2 expression exhibited a poor response towards preoperative doxorubicin-based chemotherapy. High SKP2 expression in human lung cancer cells caused paclitaxel resistance by downregulating p27 expression ([@b12-ol-0-0-11818]). Treatment with a combination of small molecule SKP2 inhibitors and paclitaxel conferred a favorable prognosis in patients with lung cancer ([@b12-ol-0-0-11818]). A combination of SKP2 downregulation and these chemotherapeutic agents may have synergistic implications on tumor control ([@b5-ol-0-0-11818]). In the present study, high expression of SKP2 resulted in insensitivity to radio- and chemotherapy in glioblastoma. Therefore, SKP2 targeted therapy is required for patients with glioblastoma with high SKP2 expression in addition to standard therapy.

As an important cell cycle regulating protein, p-Rb serves pivotal roles in tumorigenesis ([@b24-ol-0-0-11818]). Xu *et al* ([@b40-ol-0-0-11818]) used egg antigen p40 of schistosoma japonicum (Sjp40) to trigger the expression of p27 in LX-2 cells and observed that both SKP2 and p-Rb were downregulated. Overexpression of SKP2 reversed p27 protein levels and partially reversed the inhibition of p-Rb expression in Sjp40 treated LX2 cells ([@b40-ol-0-0-11818]). In the present study, consistent alteration of SKP2 with p-Rb was observed in glioma tissues.

EGFR is the target of antineoplastic drugs, such as gefitinib ([@b25-ol-0-0-11818]). Agents targeting EGFR may promote the downregulation of SKP2 ([@b25-ol-0-0-11818]). Tan *et al* ([@b41-ol-0-0-11818]) also revealed that upregulated EGFR expression activates the AKT/SKP2 pathway and increases SKP2 expression. In the present study, 38.5% of patients with HGG who had high SKP2 expression also had EGFR expression. Further studies should investigate the association between these molecules in larger samples and explore whether and how they could be used for the classification of human gliomas.

An increasing number of studies have demonstrated the clinical value of the TERT promoter and IDH1 mutations for classifying patients into molecular subtypes in glioma ([@b42-ol-0-0-11818],[@b43-ol-0-0-11818]). The present study used SKP2 expression combined with TERT promoter and IDH1 mutations to classify patients into subgroups. The results revealed that patients with low SKP2 expression, having an IDH1 mutation and wild-type TERT promoter (SKP2^−^/IDH1^+^/TERTp^−^) had the best prognosis in all gliomas and GBMs, compared with the other subtypes. A previous studies have demonstrated that IDH1 mutation causes cell cycle arrest in G~1~ via downregulation of cyclin-dependent kinase 1 expression ([@b44-ol-0-0-11818]). IDH1 mutation upregulates p21 expression via sterol regulatory element-binding protein 1, inhibits phosphorylation of Rb and promotes the progression of the cell cycle from G~1~ to S phase ([@b45-ol-0-0-11818]). The involvement of telomerase in regulating the cell cycle is primarily dependent on the progression of S phase ([@b46-ol-0-0-11818]). TERT promoter mutation can increase the telomerase reverse transcriptase expression and telomerase activity ([@b47-ol-0-0-11818]). Thus, SKP2^−^/IDH1^+^/TERTp^−^ glioma cells in the present study tend to stay in G~1~ phase and grow slowly. This helps the patient survive longer compared with the other subtypes.

The present study has some limitations. As a retrospective study, the number of cases varied significantly among subgroups, and it was a single-center study. Additionally, the detection method used to determine SKP2 expression was restricted to IHC. New techniques may be required to confirm the results. Finally, the molecular mechanisms of SKP2 have not been explored in the present study.

In conclusion, the present study demonstrated a high expression of SKP2 protein in glioma tissues, and particularly in GBMs. High SKP2 expression is associated with a shorter survival time of patients with GBM and is an independent prognostic factor. Gliomas (including GBMs) with low SKP2 expression, wild-type TERT promoter and IDH1 mutation have the longest OS time compared with the other subtypes.
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![Representative immunostaining images of S phase kinase-associated protein 2 protein expression. Blue and brown staining represents negative and positive expression of SKP2, respectively. (A and F) Non-neoplastic brain tissues, negative expression. (B and G) Glioma specimens, negative expression; (C and H) low expression; (D and I) moderate expression; and (E and J) high expression. Framed portions in low-resolution images (magnification ×100) are presented in corresponding high-resolution images (magnification ×400).](ol-20-03-2788-g00){#f1-ol-0-0-11818}

![The positive cell rates of SKP2 expression in II, III and IV grade gliomas were 0, 9.1 and 24.2%, respectively. The tumor grading system referred to is the 2016 WHO classification system. SKP2, S phase kinase-associated protein 2.](ol-20-03-2788-g01){#f2-ol-0-0-11818}

![Correlation of SKP2 expression with other biomarkers in 395 glioma tissues. (A) Blue and brown staining represents negative and positive expression of p-Rb, respectively. (B) According to linear correlation analysis, SKP2 was positively correlated with p-Rb in both HGG and LGG groups. 'r' means the coefficient of correlation. (C) Blue and brown staining represents negative and positive expression of EGFR, respectively. (D) Positive immunostaining was regarded as high EGFR expression. And no immunostaining was regarded as low EGFR expression. Mann-Whitney U test was used to evaluate the association between SKP2 and EGFR. SKP2, S phase kinase-associated protein 2; EGFR, epidermal growth factor receptor; p-Rb, phosphorylated retinoblastoma protein; HGG, high-grade glioma; LGG, low-grade glioma.](ol-20-03-2788-g02){#f3-ol-0-0-11818}

![Prognostic value of SKP2 and therapy. SKP2 expression over \>10% was defined as high SKP2 group (SKP2^+^), and expression \<10% was defined as low SKP2 group (SKP2-). 'Yes', patients received radiotherapy or chemotherapy. 'No', patients have not received radiotherapy or chemotherapy. (A) High SKP2 (SKP2^+^) expression indicates shorter survival time in LGG (P\<0.001). (B) High SKP2 (SKP2+) expression indicates shorter survival time in HGG (P=0.003). (C) Radiotherapy significantly improves patient survival in HGG (P\<0.001). (D) Chemotherapy significantly improves patient survival in HGG (P\<0.001). (E) Patients with low SKP2 (SKP2-) expression are more sensitive to radiotherapy compared with those that have high SKP2 expression (P=0.012). (F) Patients with chemotherapy observed similar results (P=0.012). SKP2, S phase kinase-associated protein 2; LGG, low-grade glioma; HGG, high-grade glioma.](ol-20-03-2788-g03){#f4-ol-0-0-11818}

![Using SKP2 expression, IDH1 mutation and TERT promoter status for subgroup stratification of patients with (A) all and (B) GBM. Patients with glioma were split into 3 groups according to the number of protective factors they had, including low SKP2 expression, IDH1 mutation and TERT promoter wild type (3 factors, SKP2^−^/IDH1^+^/TERTp^−^; 2 factors, SKP2^−^/IDH^+^/TERTp^+^, SKP2^−^/IDH^−^/TERTp^−^, SKP2^+^/IDH^+^/TERTp^−^; \<=1 factor, SKP2^−^/IDH^−^/TERTp^+^, SKP2^+^/IDH^+^/TERTp^+^, SKP2^+^/IDH^−^/TERTp^−^, SKP2^+^/IDH^−^/TERTp^+^. GBM, glioblastoma; SKP2, S phase kinase-associated protein 2; IDH 1, isocitrate dehydrogenase 1; TERTp, telomerase reverse transcriptase promoter.](ol-20-03-2788-g04){#f5-ol-0-0-11818}

###### 

Clinical and pathological characteristics of patients with glioma (n=395).

                      SKP2 expression                
  ------------- ----- ----------------- ------------ ---------
  Sex                                                0.987
    Male        234   42 (17.9)         192 (82.1)   
    Female      161   29 (18.0)         132 (82.0)   
  Age, years                                         0.808
    ≤50         211   37 (17.5)         174 (82.5)   
    \>50        184   34 (18.5)         150 (81.5)   
  KPS                                                0.254
    ≤60         79    15 (19.0)         64 (81.0)    
    \>60        205   31 (15.1)         174 (84.9)   
    NA          111   25 (22.5)         86 (77.5)    
  Tumor grade                                        \<0.001
    II          60    0 (0.0)           60 (100.0)   
    III         66    6 (9.1)           60 (90.9)    
    IV          269   65 (24.2)         204 (75.8)   
  Histology                                          \<0.001
    A           36    0 (0.0)           36 (100.0)   
    O           21    0 (0.0)           21 (100.0)   
    AA          40    4 (10.0)          36 (90.0)    
    AO          24    2 (8.3)           22 (91.7)    
    GBM         269   65 (24.2)         204 (75.8)   
    Other       5     0 (0.0)           5 (100.0)    

χ^2^ test was used to assess the associations between SKP2 expression and clinical parameters. Gliomas were classified into grades II--IV according to the World Health Organization (WHO) 2016 classification system ([@b2-ol-0-0-11818]). P\<0.05 was regarded as statistically significant. SKP2, S phase kinase-associated protein 2; KPS, Karnofsky Performance Status; NA, not available; A, astrocytoma; O, oligodendroglioma; AA, anaplastic astrocytoma; AO, anaplastic oligodendroglioma; GBM, glioblastoma; Other, anaplastic oligoastrocytoma and oligoastrocytoma.

###### 

Univariate and multivariate regression analyses of overall survival in patients with GBM.

                                       GBM                                                     
  ------------------------------------ ------- -------------- --------- ------- -------------- ---------
  Sex, male vs. female                 0.962   0.698--1.327   0.814                            
  Age, ≤50 vs. \>50 years              1.153   0.839--1.583   0.381                            
  KPS, ≤60 vs. \>60                    0.530   0.355--0.791   0.002     0.580   0.364--0.923   0.021
  Chemo/radiotherapy, no vs. yes       0.253   0.179--0.357   \<0.001   0.246   0.150--0.403   \<0.001
  TERT promoter mutation, no vs. yes   1.630   1.157--2.297   0.005     1.440   0.931--2.230   0.102
  IDH1 mutation, no vs. yes            0.682   0.466--0.999   0.049     0.502   0.292--0.864   0.013
  SKP2 expression, no vs. yes          1.715   1.196--2.457   0.003     1.767   1.045--2.988   0.034

P\<0.05 was regarded as statistically significant. GBM, glioblastoma; SKP2, S phase kinase-associated protein 2; IDH 1, isocitrate dehydrogenase 1; TERTp, telomerase reverse transcriptase promoter; KPS, Karnofsky Performance Status; HR, hazard ratio; CI, confidence interval.
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